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Executive Summary 

Purpose. This decision document describes the selected action to reduce dissolved-phase 

trichloroethene (TCE) and trichloroethane (TCA) mass at two Operable Unit (OU)-10 degreaser 

sites at Redstone Arsenal (RSA) and was chosen in accordance with the Comprehensive 

Environmental Response, Compensation, and Liability Act as amended by the Superfund 

Amendments and Reauthorization Act of 1986, the National Contingency Plan, Resource 

Conservation and Recovery Act, and AR 200-1, as applicable. The selected Operable Unit-l 0 

Degreaser Sites interim remedial alternative is groundwater extraction and treatment, part of an 

established presumptive response strategy for groundwater contaminated with volatile organic 

compounds (VOC) (EPA, 1996). The purpose of the interim remedial alternative is TCE mass 

removal from the OU- 10 degreaser spill sites with the objective of reducing mass at the spill sites 

hot spots. 

Site Risk. Preliminary results of the remedial investigation at OU-10 degreaser sites RSA-95 

and RSA-96 revealed concentrations of the chlorinated solvent TCE in residuum and bedrock 

aquifer above Federal safe drinking water standards. The release of the TCE occurred during 

former rocket motor manufacturing operations at these sites. The concentration of TCE in 

groundwater at sites RSA-95 and RSA-96 is considered to exceed human health based criteria if 

off-site migration were to occur and impact potential public drinking water supplies. Potential 

migration of the TCE impacted groundwater to surface water bodies would also degrade 

ecological conditions and provide an exposure pathway to human health risk, potentially 

exceeding the acceptable risk threshold. 

Remedial Akernafives. Groundwater is to be extracted and treated to remove VOCs as part 

of an interim remedial action (IRA) at two former degreaser facilities, RSA-95 and RSA-96. The 

goal of the IRA is TCE mass removal from the bedrock aquifer in order to prevent off-site 

migration of the contaminated groundwaterand to reduce the relative risk at the degreaser sites * 

hot spots. Groundwater extraction and treatment is an accepted presumptive remedy for VOC 

contamination. Groundwater will be pumped from each of the degreaser sites to a single 

treatment facility, where it will be processed to meet discharge limitations. 

Public Involvement. This interim remedial alternative was selected by RSA, with support 

from the Alabama Department of Environmental Management and the U.S. Environmental 
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Protection Agency. At the time of publication of this document, public involvement on the 

interim remedy selection process has not been initiated. 

Declarafion. The selected remedy is protective of human health and the environment, attains 

federal and state requirements that are applicable or relevant and appropriate to this interim 

remedial action, and is cost effective. This remedy satisfies the statutory preference for remedies 

that employ treatment that reduces toxicity, mobility, or volume as a principal element, and 

utilizes permanent solutions and alternative treatment technologies to the maximum extent 

practicable. 
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r”, 1.0 introduction 

IT Corporation has been retained by the U.S. Army Corps of Engineers under the Total 

Environmental Restoration Contract DACA2 1-96-D-00 18, Modification 1, Delivery Order 

Number 0004, to develop and evaluate alternatives for groundwater remediation and treatment at 

Redstone Arsenal (RSA), Madison County, Alabama. This decision document describes the 

selected action to remove mass at the Operable Unit (OU)-10 degreaser sites at RSA and was 

chosen in accordance with the Comprehensive Environmental Response, Compensation, and 

Liability Act as amended by the Superfund Amendments and Reauthorization Act of 1986, the 

National Contingency Plan, Resource Conservation and Recovery Act (RCRA), and AR 200-1, 

as applicable. 

Preliminary results of the remedial investigation (RI) activities at OU-10 degreaser sites RSA-95, 

RSA-96, and RSA-97 indicated elevated concentrations of the chlorinated solvent 

trichloroethene (TCE) and other chlorinated VOCs in residuum and bedrock aquifer. Figure l-l 

shows the location of sites RSA-95, RSA-96, and RSA-97 within OU-10 and RSA. The release 

of the TCE occurred during the rocket motor manufacturing operations at these sites. The 

concentration of TCE in groundwater at sites RSA-95 and RSA-96 is considered to exceed 

human health-based criteria if off-site migration were to occur and impact potential public 

drinking water supplies. Preliminary review of data from RSA-97 indicated that groundwater 

concentrations are much lower than at the other degreaser sites, and will not be addressed in this 

document. ,Reconunendations for an IRA for RSA-97 will be presented in a report of findings at 

a later time. 

Potential migration of the TCE impacted groundwater to surface water bodies would also 

degrade ecological conditions and provide a potential exposure pathway to human health risk 

possibly exceeding the acceptable risk range. Figure 1-2 shows the distribution of TCE in * 

groundwater at RSA-95, RSA-96, and adjacent areas to OU-10. 

Groundwater sampling at RSA-95, RSA-96, and RSA-97 was conducted during May and June 

1998 as part of RI activities at RSA-95, RSA-96, and RSA-97. Results from RSA-95 and RSA- 

96 were used in developing the treatment alternatives and to perform the first preliminary 

estimates for the concentrations of volatile organic compounds (VOC) in the proposed interim 
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f--Y. 
remedial alternative treatment system influent. Samples were analyzed for VOCs by U.S. 

Environmental Protection Agency Method 8260A. Methylene chloride was also reported from 

the samples, but is considered a laboratory contaminant and is eliminated from this evaluation. 

Preliminary step-drawdown pumping tests conducted at RSA-96 in August 1998 indicated the 

wells would probably sustain pumping rates between 50 and 100 gallons per minute (gpm) (IT, 

1999). A centrally located treatment system for a proposed interim remedial alternative (IRA) 

treatment system would have an influent feed rate much higher than previously anticipated. 

Extraction wells were installed at both RSA-95 and RSA-96 to support the proposed interim 

remedial action (IRA) for mitigation of groundwater contamination by chlorinated solvents at 

these sites. Two wells, RS592 and RS593, were installed at RSA-96 as part of a supplemental 

remedial investigation in May 1998, and one additional well, RS730 was installed in January 

1999. Three wells were installed at RSA-95 (recovery wells RS715, RS847 and RS848) between 

October and January 1999. Extraction well construction details are provided in Table 1. The 

wells are either 6 or 8 inch diameter, with stainless-steel screens and schedule 80 PVC risers. 

Variable rate pumping tests were conducted at extraction wells installed at RSA-95 and RSA-96 

in July and August 1998. A pilot test program conducted during March through April 1999 on 

the six recovery wells at RSA-95 and RSA-96 evaluated concentration versus variable rate 

pumping data (IT, 1999). Proposal pumping rates are given in Table 1. The well yield and 

groundwater concentration data was used in developing the design data for this document. A 

summary of the pilot test groundwater concentration data is found in Appendix A. The step- 

drawdown tests were conducted to determine the maximum discharge at which the well can be 

pumped without lowering the groundwater level below the top of the weathered limestone 

bedrock (epikarst). However, the maximum pumping rate for the pilot study was limited by the 

capacity of the temporary treatment system used to treat the pump test water before discharge to 

the sanitary sewer, and no individual well was pumped at a rate that would bring the water level 

into the epikarst. 

Most of the recovery wells, except RS715, exhibited capacities that exceeded the maximum pilot 

test pumping rates. Pumping rates used in the calculations presented in this document were 

obtained from analysis of the variable rate pumping tests. The pumping rates projected for each 

well will capture ‘the most contaminated portion of the plumes. Some mass removal will occur 

over a wide area of the plume. The selected pumping rates at outlying wells will prevent dilation 

of the plumes. Also, these rates will not draw the water level to the top of the bedrock, but will 
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,._--* Table I. _ 
1 . - 

..* ‘T Extraction Well Construction Details and Suggested Pumping Rates 
Groundwater Extraction at RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

Well (inches) (inches) (f.9 I (fi) 1 (w-N 

RS715 a 12 71-91 91 60 

Rsa47 a 12 I a-48 50 30 

II Rsa48 I a I 12 I 22.5-52.5 I 57 I 35 

RSA-96 

RS592 6 11 49.9-80 80 25 

RS593 6 15 28.5-64.5 65 100 

II RS730 I a I 12 I 35-65 I 65 I 100 

gpm - Gallons per minute. 
ft - Feet measured from ground surface. 
Pumping rates are the suggested rates to be used in the IRA. 

F 4 . 
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_. .- still generate a significant bedrock aquifer groundwater cone of influence. Composite bedrock 

. potentiometric surface contour maps due to pumping at the maximum rates are shown for RSA- 

95 and RSA-96 in Figures l-3 and 1-4. 

.  

Groundwater sampling was conducted at the extraction wells at several times. During the 

pumping tests samples were collected every 2 hours over a 24-hour period. Concentrations in the 

last sample collected from the pumping test was used in evaluating the groundwater treatment 

alternatives. Because of the high concentrations of TCE, samples were analyzed at high 

dilutions, typically 20 to 200 times. Groundwater concentrations used in these calculations are 

given in Table 2. The analytical results from each sampling event are provided in Appendix A. 

I.2 Basis of Evaluation 

Groundwater is to be extracted and treated to remove VOCs as part of an IRA at two degreaser 

facilities, RSA-95 and RSA-96. The goal of the IRA is; contaminant mass removal from the 

bedrock aquifer in order to reduce contamination in groundwater, reduce potential for off-site 

migration of the contaminated groundwater, and to reduce the relative risk at the degreaser sites 

hot spots. The goal of the IRA is not to control contaminant discharge or plume migration. The 

selected IRA is to be considered as a candidate remedial technology for the final remedy of OU- 

10. 

Groundwater extraction and treatment is accepted as part of the presumptive response strategy 

for contaminated groundwater. It is recommended that groundwater is pumped from each of the 

degreaser sites to a single treatment facility, where it will be processed to meet discharge 

limitations. 

Standard criteria chosen for evaluating the effectiveness of the treatment technologies in meeting 

discharge criteria for either the treatment system effluent water or vapor stream are: 

l Permitted National Pollutant Discharge Elimination System (NPDES) discharge 
limitations or federal maximum contaminant levels for water effluent 

* National Ambient Air Quality Standards for vapor emissions. 

The assumptions for the conceptual design are based on the following: 

l Extraction well yield is obtained from step-drawdown aquifer tests. 
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_- Table 2 

Extraction Well Groundwater VOC Concentrations 
Groundwater Extraction at RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

Compound 

1 ,l Dichlorethene 

1 ,l Dichlorethane 

1,2 Dichloroethene 

Carbon Tetrachloride 

Chloroform 

1 ,l,l Trichloroethane 

1 ,1,2 Trichloroethene 

Tetrachloroethene 

Trichloroethene 

Toluene 

RSA-95 RSA-96 

RS715 RS847 RS848 RS592 RS593 RS730 

130 150 33 <400 <2000 QOOO 

0.46 c290 cl00 c400 c2000 QOOO 

17 <290 9.6 43 316 500 

5 <290 4.5 c400 <2000 QOOO 

36 <290 2.8 <400 <2000 QOOO 

2100 950 520 c400, 960 360 

1 <290 <lOO <400 <2000 c2000 

2 4290 <lOO c400 c2000 c2000 

8000 4800 2400 4100 31000 44000 

25 4290 <loo x400 <2000 <2000 

Notes: 

All concentrations are in micrograms per liter @g/L). 
Reported concentrations are from either last sample collected during pumping, or from the sample analyzed at the 
lowest dilution. 
Compounds that were not detected are reported showing the detection limit. 
Analyses by Method 8260A. Compounds that were not detected in any sample are not listed. 
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. -  

l Contaminant concentrations determined from extensive sampling of extraction 
wells during both; static and stressed aquifer conditions. 

l Groundwater would be pumped from the wells to an equalization tank and then to 
the groundwater treatment system. 

Discharge of the treatment stream through an outfall is proposed for final disposal of effluent 

water. The treatment stream discharge will meet the substantive requirements for a NPDES 

permitted outfall at Huntsville Spring Branch. Discharged limitations have not yet been 

established. Therefore, the NPDES discharge limitations are assumed to be the. federal 

maximum contaminant levels. 

Allowable levels of contaminants that can be released to the air are dependent on several factors 

including: 

l Elevation of the release point above ground 
l Terrain characteristics 
l Distance to receptors. 

Air stripper discharge concentrations and release rates (pounds per day [lb/day]) will not exceed 

the Alabama Department of Environmental Management PSD Air Quality Modeling Guidelines 

(1996). If the 1 -hour air concentration for individual toxic chemicals are below 1140th of the 

threshold limit value at the model emission exposure point, then the concentration or emission 

rate is below the maximum allowable air concentration. 

1.3 Estimation of Contaminant Concentrations in Treatment Streams 

Table 1 gives the selected extraction wells pumping rates. Table 2 gives VOC concentrations 

measured for each of the extraction wells at RSA-95 and RSA-96. Table 3 summarizes the 

expected chlorinated solvent recovery rates from groundwater in kilograms per day of 

dichloroethene, TCE, and trichloroethane (TCA). Table 4 provides the relative contribution of 

each well to the total TCE mass recovery if each well were pumped at the suggested rate. As can 

be seen from inspection of the data, recovery wells RS593, RS715, and RS730 contribute 37,6, 

and 55 percent of the total TCE mass recovered, respectively. In addition, these wells would 

contribute 32,41, and 12 percent of the total TCA recovered mass, respectively. 
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_- Table 3 

Recovered Chlorinated Solvent Mass in Groundwater By Extraction Well 
Groundwater Extraction at RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

Well 

Discharge 
Rate 
(wm) 

Concentrations Mass Recovery 
w/L W/day) 

DCE TCE TCA DCE TCE TCA 

RSA-95 

RS715 60 147 8000 2100 0.04 2.41 0.63 _ 

RS847 30 150 4800 950 0.02 0.72 0.14 

RS848 35 43 2400 520 0.01 0.42 0.09 

TOM 0.07 3.55 0.87 

RSA-96 

RS592 25 43 4100 ND 0.01 0.51 0.00 

RS593 100 330 31000 960 0.17 15.53 0.48 

RS730 100 500 44000 360 0.25 22.05 0.18 

TOtal 0.42 38.10 0.66 

Concentrations from Table 2. 

ug/L - Micrograms per liter. 
kgldy - Kilograms per day. 
gpm - Gallons per minute. 
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Table 4 

Contribution of Recovered Chlorinated Solvent Mass By Extraction Well 
Groundwater Extraction at RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

Recovered Mass Contribution to Total 

kg/day W) 

Wells DCE TCE TCA DCE TCE TCA 

RS.715 0.04 2.41 0.63 9% 6% 41% 

RS847 0.02 0.72 0.14 5% 2% 9% 

RS848 0.01 0.42 0.09 2% 1% 6% 

- RS592 0.01 0.51 0.00 1% 1% 0% 

RS593 0.17 15.53 0.48 33% 37% 32% 

RS730 0.25 22.05 0.18 51% 53% 12% 

Total 0.50 41.65 1.53 100% 100% 100% 

Contribution to Total by RS847, RS593 and RS730 88% 92% 53% 

Contribution to Total by RS715, RS593 and RS730 93% 96% 85% 

Mass recovery obtained from Table 3. 

kg/day - Kilograms per day. 
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In order to estimate the concentrations of VOCs in the treatment stream, concentrations from the 

extraction wells were weighted by the discharge rate that each well contributed to the total flow. 

Table 5 gives the concentrations of contaminants in the treatment stream from each site, the 

concentrations in the combined stream and the discharge limitations for VOCs. Table 6 gives the 

concentrations in the treatment stream and combined stream if only the three most concentrated 

wells (RS730, RS593, and RS715) are used, and RS593 and RS730 are pumped at 125 and 150 

gpm, respectively. 

1.4 Technology and Process Screening and Selection of Remedial Technologies 

1.4.1 Technology Screening 

Preliminary evaluation of remedial technologies indicated there were limited options for 

groundwater mass removal in an interim action. The proposed IRA should also be considered for 

incorporation as part of the final design. The following technologies were evaluated for the 

criteria presented for the IRA. 

l Slurry wall to contain contaminated groundwater 
l In situ accelerated bioremediation 
l Monitored natural attenuation 
l Groundwater extraction and ex-situ treatment. 

Installation of a slurry wall would alter the hydraulic gradient, impeding and redirecting plume 

migration, but will not reduce the mass of contaminants in groundwater. The effectiveness of a 

slurry wall in the OU-10 area is unknown and problematic. 

In-situ bioremediation technologies comprise both active and passive methods. Active 

bioremediation consists primarily of either injection of a nutrient stream in water or injection of 

air. The main passive bioremediation technology is monitored natural attenuation. Chlorinated 

solvents such as TCE are recalcitrant to biodegradation, mainly being degraded as co-metabolites 

of more easily metabolized aromatic organic compounds. If in-situ bioremediation is to be 

effective, extensive bench scale and pilot scale testing is required, and the technology may not 

prove effective in reducing concentrations or in controlling contaminant plume migration. 

Monitored natural attenuation may be a viable alternative for the final stages of remediation. 

But due to the very high concentrations of chlorinated compounds known at the degreaser release 

KNl4546KXTlX-IV-VV(lOXAM) l-5 



Table 5 

Contaminants and Concentrations in Degreaser Sites, 
Groundwater Treatment Stream, RSA-95 and RSA-96 

Redstone Arsenal, Madison County, Alabama 

aDischarge limitations are federal MCLs. 
bConcentrations are weighted means of the detectable concentration 

in the individual groundwater samples or individual treatment streams. 
Contributions are weighted by the pumping rates for individual wells, 
as given in Table 3. 
All values are in pg/L. 
gpm - Gallons per minute. 



Table 6 
.- 

Contaminants and Concentrations in Groundwater Treatment Stream, 
RS715 at RSA-95 and RS593 and RS730 at RSA-96 

Redstone Arsenal, Madison County, Alabama 

‘Discharge limitations are the Federal MCLs. 
bConcentrations are weighted means of the detectable concentration 

in the individual groundwater samples or individual treatment streams. 
Contributions are weighted by the pumping rates for individual wells 
as given in Table 3. 
All values are in pg/L. 
gpm - gallons per minute. 

. 



sites, monitored natural attenuation will not provide the degree of contamination reduction or 

control of the contaminant plume migration required at RSA-95 and RSA-96. 

Groundwater extraction will provide an immediate reduction in contaminant,mass in the 

groundwater. In consideration of future site remedial actions, the groundwater extraction IRA 

system can be modified to control or prevent further migration of the most contaminated 

groundwater. Further, groundwater extraction and treatment is recognized as the presumptive 

remedy for contaminated groundwater. Based on these considerations, groundwater extraction 

and treatment was selected as the IRA for RSA-95 and RSA-96. 

1.4.2 Process Options for Ex-Situ VOC Destruction 

Existing treatment technologies evaluated for the IRA in reducing contaminant concentrations in 

recovered groundwater to meet discharge requirements are: 

l Granular activated carbon (GAC) 
l Air stripping 
l Photolytic-chemical oxidation. 

Other ex-situ technologies such as Fenton’s chemistry and solvated electron reduction were 

considered during the technology screening. The photolytic-chemical oxidation process utilizes 

hydrogen peroxide and an iron catalyst similar to Fenton’s chemistry and is not considered to be 

a separate technology. Solvated electron reduction technology uses a reactive metal (i.e., zero 

valent iron) to dechlorinate halogenated hydrocarbons. However, the reaction requires a 

relatively long contact time and therefore, is not considered to be suitable for an ex-situ 

treatment. Thus these technologies were not retained for evaluation. 

Discharge of VOCs to the atmosphere is regulated in Alabama, therefore, the air emissions from 

the treatment system will require treatment. Use of vapor phase GAC (VGAC) will incur costs 

of disposal or regeneration. Catalytic thermal oxidation is an alternative to VGAC; however, the 

initial capital costs are very high and destruction of TCE and TCA by catalatic thermal oxidation 

will generate hydrochloric acid, necessitating the addition of an acid removal system. 

The effectiveness of each of me retained treatment technologies in reducing the concentrations is 

dependent on the physical chemical properties of the compounds, the concentration of the 

compound in the treatment stream, and the flow rate of the treatment stream. Concentration 
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reduction and process component usage for the retained technologies are given in Appendix B, 

OU-10 Treatment System Performance Calculations. 

There are several configurations for handling the IRA groundwater extraction and treatment: 

l Manifold extracted groundwater at each site together and treat separately at each 
site. 

l Manifold extracted groundwater at each site and pump to a centralized treatment 
facility. 

l Select wells exhibiting the highest concentrations of contaminants to be used for 
the IRA and build a centralized treatment system that can be expanded if additional 
wells are added at a later time. 

l Installation of an effluent discharge line to Huntsville Spring Branch to meet the 
substantive NPDES requirements to surface water. 

1.4.3 Process Descriptions 

Carbon Adsorption The carbon loading coefficient (k), expressed in milligrams of 

contaminant per gram of carbon describes how a compound adsorbs to GAC. If k is less than 4 

milligrams per gram carbon, GAC will not be effective in treating groundwater, especially where 

concentrations or flow rates are high. Where k is 50 milligrams per gram carbon or greater, GAC 

would be effective in treating groundwater. 

Activated carbon is effective in removing organic compounds until the adsorption sites are 

exhausted at which time breakthrough occurs, and the carbon is exhausted. The amount of 

carbon used on a daily basis is calculated as: 

&age rate (Lb I day) = 
[C]mg/z l 3.78Wgal l Qgpd l 2.21b 1 kg 

ka103 dk 

ICI = contaminant concentration in milligrams per liter 
Qgpd = flow rate in gallons per day. 

Air Stripping. A compound’s Henry’s law coefficient (23) determines how well it will transfer <d 
from the liquid phase to the air phase during air stripping. Where H is less than 10 atm/mole- 
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fraction air stripping will not be very effective in reducing concentrations, where His greater 

than 200 an-n/mole-fraction the compound will respond well to air stripping. 

The transfer from the liquid to the vapor phase is dependent on the concentration of the 

contaminant, air and water temperature, and surface area of the water-air interface. A computer 

program supplied by Northeast Environmental Products was used to evaluate the removal 

efficiencies and concentrations of the contaminants in the effluent. The results are printed and 

included in Appendix B. 

Phofolytic Oxidafi~n. Dissociation of compounds by irradiation of organic compounds with 

light of sufficient energy can disrupt chemical bonds of organic compounds. Where oxidizing 

agents (oxygen, hydrogen peroxide, or ozone) are present, oxidation of the disrupted molecule 

will destroy the contaminants. Ultraviolet (UV) light is used in energizing the contaminant 

molecules; either hydrogen peroxide or ozone is added to the water stream. In the oxidation 

process, because the OH radical in supplied at a constant rate, the contaminant concentration is 

the limiting factor in determining the reaction kinetics. Thus, the kinetics can be regarded to be 

first order, and the slope of the relationship between contaminant concentration and W dose 

provides an easily comparable measure of treatment performance. The electrical energy required 

to generate enough W to reduce the contaminant concentration by an order of magnitude (E) for 

1,000 gallons of water has been empirically determined by a number of compounds (Solarchem 

Environmental Systems, 1994). Compounds that have E less than 10 respond well to photolytic 

oxidation. 

The power requirements for reducing the concentration of a compound by an order of magnitude 

per 1,000 gallons is given by: 

Where the power is fixed by the size of the treatment unit (180 kilowatts) and the flow rate (gpm) 

and initial concentration ([C,]) are known, the final concentration can be computed as: 

l-8 



Based on the technology screening evaluation, a combination of treatment technologies will be 

considered. Treatment technologies that would remove the contaminants from the groundwater 

(liquid-phase pretreatment) to either reduce the contaminant load to the air stripper, or remove 

the organic compounds from the air stripper off-gas air stream (vapor-phase treatment) are: 

l Air stripping and carbon and vapor-phase polishing 
l UV light - ozone decomposition and air stripping 
l W oxidation and air stripping. 

Options considered for vapor-phase treatment include: 

* Vapor-phase carbon absorption 
l Thermal catalyzed destruction. 

1.4.4 Cost Summary Comparison 
This evaluation of the treatment alternatives includes an analysis of implementability and 

efficiency of the treatment alternatives, and an analysis of the capital and operating costs. A 5- 

year period of operations and maintenance will be included in the cost evaluation to provide a 

uniform basis for evaluation of the long-term costs associated with each treatment technology. 

This report evaluates engineering alternatives, provides a cost comparison between the treatment 

configurations and options, and recommends a combined groundwater treatment facility. An 

evaluation of the cost associated with each treatment process is provided in Appendix C. 

The cost estimates provided for each treatment alternative includes the capital costs of the 

equipment to treat the water and 5 years of operation and maintenance. Costs associated with 

installation of the extraction wells, transfer stations, or piping from each site to the centralized 

facility are not included in the cost estimate because these costs will be constant for all of the 

treatment alternatives. The material and construction costs were presented in the modification to 

delivery order number 0004, remedial design/remedial action long-term monitoring and 

compliance plan at OU-2,OU-5,OU-6b, OU-6c, and OU-10 (IT Corporation, 1998). ’ 
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2.0 Evqhation of Treatment Alternatives 

Groundwater will be pumped from each of the degreaser sites to a single treatment facility, where 

it will be processed to meet discharge limitations. This section describes the identified treatment 

alternatives for VOC destruction in the groundwater and gives a comparison of their respective 

capital and operating costs. Groundwater chemistry can affect the operation and effectiveness of 

water treatment systems. Thus, the evaluations presented in this document must be regarded as 

estimates for comparative evaluation only. 

Groundwater is to be extracted and treated to remove VOCs as part of an IRA at two degreaser 

facilities, RSA-95 and RSA-96. Evaluation of groundwater contaminant concentrations at RSA- 

97 indicated groundwater extraction interim remedial measures are not required for this site. The 

goal of the IRA is TCE mass removal from the bedrock aquifer in order to prevent off-site 

migration of the contaminated groundwater and to reduce the relative risk at the degreaser sites 

hot spots. Groundwater extraction and treatment is a accepted presumptive remedy for VOC 

contamination. Because of the volume of treated effluent, it is recommended that treated effluent 

be discharged to surface water of sufficient capacity to meet substantive NPDBS requirements. 

A summary of the physical parameters and coefficients governing the response of the 

contaminants in groundwater at RSA-95 and RSA-96 to each of the treatment technologies is 

given in Table 7. Based on the suite of and concentrations of compounds present in the treatment 

stream, all contaminants in groundwater will be treated most effectively by air stripping, and 

most will be treated well by UV-oxidation. Maximum air concentrations allowed in the air 

stream are provided in Table 8. Most of the contaminants will be poorly adsorbed to carbon, 

however GAC may be a effective technology for polishing treated groundwater after a primary 

treatment by air stripping or UV-oxidation. Results of treatment stream, stripper removal, or 

chemical oxidation design calculation are included in Appendix B. 

Three primary treatment alternatives are identified for evaluation: 

l Liquid phase GAC 
l Air stripping with GAC effluent polishing 
l UV-oxidation and air stripping. 

Using air stripping as the primary water treatment technology, the air emissions must be treated 

to meet the air emission levels. Two treatment alternatives that will be effective are: 
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Table 7 

Physical Parameters and Coefficients and Evaluation 
of Technologies for Groundwater Treatment Alternatives 

RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

I .2 Dichlorethene 
IiCarbon Tertachloride 

Trichioroethene 

5 
80 

200 
5 
5 

Air Stripping/UV Oxidation 
Air Stripping 

Air StrippingAJV Oxidation 
Air Strinnina/GAC 

Air Striooina 
Air Stripping 

Air Stripping/GAC/UV Oxidation 
Air Striaaina/GAC/UV Oxidation 

Notes: 
Ail Wells - Full waste stream from RSA-95 and RSA-96. 
Selected Wells - the three most contaminated wells; RS715, RS593 and RS730. 
The value of k given for trichloroethene is for concentrations above 1000 pg/L. At concentrations below 1000 pg/L k is 7. 
ug/L - Micrograms per liter. 
mg/g - Miiiligrams per gram. 
atm/MF - Atmosphere per mole fraction. I , 
kWh/kgal - Kilowatt hour per kilogallon. 

MCL 

7 

70 

i Llqula 
Carbon 

Adsorption 
Coefficient 

k 

Henry’s 
Law UV EEIC 

Coefficient 

h 
I 

(atm/MF) 1 ,(k:i., 

Best Available Technology 
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_- Table 8 

Allowable Levels of 
Organic Compounds in Treatment Stream 
edstone Arsenal, Madison County, Alabama 

Compound 
Threshold Limit 

Alabama 

Value 
Threshold Maximum Allowable Influent Concentration @g/L) 

Concentration 

1 ,l Dichloroethene 
1,l Dichloroethane 
1,2 Dichloroethene 
Chloroform 
Carbon Tetrachloride 
1 ,l ,l Trichloroethane 
Tetrachloroethene 
Trichloroethene 

(msh-0 

20.0 
405.0 
793.0 
48.7 
32.0 
1910 
170.0 
269.0 

(ms/m31 Discharge (gpm) 
60 125 175 225 350 

0.50 57 27 51 40 26 
10.13 1149 546 1040 809 521 
19.83 2250 1069 2037 1584 1019 _ 
1.22 138 66 125 97 63 
0.80 91 43 82 64 41 

47.76 5421 2576 4907 3817 2456 
4.25 482 229 437 340 218 
6.72 763 1 363 691 537 346 . . , 

lnfluent concentrations are calculated such that air stripper effluent complies to federal MCLs and the air 

discharge does not exceed l/40’” of the TLV in compliance to Alabama PSD Air Quality Modeling 

Guidelines (1996) for new sources of air toxics. The TWA was converted from ppm vol/vol to mg/M3 

using the molecular weight and molar volume of a vapor at 25% 

Air Discharge Limitation - 1/40th TLV 

TLV - Time Weighted Average from 1998 Threshold Limit Values for Chemical Substances Physical Agents; 
American Conference of Government Industrial Hygienists. 

pg/m3 - Micrograms per cubic meter. 
pg/L - Micrograms per liter. 
gpm - Gallons per minute. 
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* Vapor-phase GAC 
l UV-catalytic oxidation of air stripper discharge. 

Bench-scale treatability studies on the effluent groundwater are crucial to determine the required 

peroxide dosage and the intensity of UV lights for the actual water. Iron precipitates may 

interfere with UV absorption by the target compounds, and removal of iron may be required 

before groundwater enters the UV/peroxide system to reduce solids coating on the UV lights. 

2. I Carbon Adsorption as the Primary Treatment Technology 

Most of the contaminants will be poorly adsorbed to carbon, resulting in estimated poor 

performance in meeting effluent criteria. Carbon usage is calculated in Appendix B for each 

treatment stream. Total carbon usage ranges from 7,907 to 8,416 lb/day depending on which 

wells are pumped and how the influent streams are handled. Given the very high carbon usage 

rates and associated costs, GAC is not considered a viable primary treatment method. 

2.2 Air Stripping as the Primary Treatment Technology 

Air stripping will transfer the compounds to an air stream and discharge it to the atmosphere. 

The chlorinated solvent compounds in the treatment stream are considered toxic. The state of 

Alabama regulates the emissions of toxic compounds to the air as follows: 

l If air emissions at the stack are less than 1/4Oth of the l-hour time weighted average 
threshold limit value for the individual compound, then the concentrations are less 
than the maximum allowable concentration. Source: PSD Air Quality Modeling 
Guidelines (1996). 

l New sources of toxic air emissions will not exceed 800 pounds per month (26.23 
lb/day). Source: Alabama Code of Regulations 335-3-6. 

Based on these air emission regulations, the maximum treatment stream concentration can be 

determined from which process air concentrations will exceed the time-weighted average or mass 

emission limit. The maximum allowable feed concentrations are given in Table 8. Comparison 

of the maximum allowable influent concentrations to the expected treatment stream 

concentrations (Table 5 and 6) to the values in Table 8 indicates that vapor phase TCE 

concentrations will exceed the maximum allowable concentrations in all cases. Therefore, vapor 

phase emissions control of the air stripper vapor discharge will be required if air stripping is used 

as the primary groundwater treatment technology. Figure 2-l shows the system process flow 

diagram for these treatment alternatives (Alternatives 1 and 2 in Appendix C). 
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Table 9 provides a summary of the air stripping treatment configurations. Treatment of the total 

groundwater treatment stream from six recovery wells at RSA-95 and RSA-96 will require two 

air strippers, whether the streams are treated in one plant or two separate plants. If groundwater 

extraction is focused on the three wells exhibiting the highest levels of contamination (RS730, 

RS593, and RS7 15), then two treatment trains would be required if the sites are treated 

separately. Carbon consumption is similar whether the treatment streams are treated together or 

at the individuals sites. 

Under all of the air stripping treatment configurations, LGAC and VGAC would be required to 

meet discharge limitations. Use of GAC will require continual and frequent monitoring to assure 

that contaminant breakthrough does not cause release of contaminants in excess of the discharge 

limitations. Use of LGAC would also require solids control in the process stream and possibly 

pH control to prevent precipitation of minerals in the process equipment and LGAC vessels. 

Isotherm tests should be performed to select the GAC most effective in absorption of the organic 

compounds in the liquid and vapor waste streams. Large canisters for liquid and vapor phase 

GAC up to 8,000 pounds are readily available. Using this size of canister for the VGAC, the 

canister would last about 16 days. 

2.3 Chemical Oxidation and Polishing by Air Stripping 

If the chemical load in the treatment stream ca.~ be reduced by destruction, then the pretreated 

waste stream may be treated by air stripping and the effluent and vapor stream will meet the 

discharge limitations with out requiring polishing by GAC. TCE is highly reactive when 

irradiated by UV light, especially in the presence of oxidizing agents such as hydrogen peroxide 

or ozone. Only TCE is present at concentrations at levels high enough that air concentrations 

would exceed the air discharge limitation. Therefore, treatment of the waste stream by chemical 

oxidation, followed by air stripping will be an effective means of meeting both the air and 

NPDES discharge limitations. Figure 2-2 shows the system process flow diagram for these 

treatment alternatives (Alternativks 3 and 4 in Appendix C). 

Evaluation of the treatment train requirements of UV/oxidation pretreatment and polishing by air 

stripping is given in Table 9. As found for stripping, two treatment trains are required to treat the 

waste streams from the six recovery wells at RSA-95 and RSA-96. 
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Table 9 

Treatment System Evaluation Summary 
Groundwater Extraction at RSA-95 and RSA-96 
Redstone Arsenal, Madison County, Alabama 

PEA-95 125 2 900 1 - m 0.3 
MA-96 225 2 1800 1 - 1 

“” FE715 60 2 900 1 m 0.07 
RS593/RS730 200 2 2400 1 - 1 
RSA-95 and RSA-95 350 .’ 3 1800 2 - 1.5 

UV - Oxidation uses a 180 Kw-hr unit as primary pretreatment. 

Combined RSA-95/RSA-96 treatment stream is split into three parallel 250 gpm treatment trains. Carbon consumption is the total for all three 
treatment trains. 

gpm - Gallons per minute. 
lb/day - Pounds per day. 
cfm - Cubic feet per minute. 
GAC - Granular activated carbon. 
Q - Discharge (gpm). 
VOC - Volatile organic compound. 
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2.4 Summhy 

Technologies for use as a primary treatment of recovered groundwater containing TCE, TCA and 

their degradation products have been evaluated for use at RSA-95 and RSA-96. Based on 

evaluation of the pilot study data, consideration was given to the following four IRA scenarios: 

l Treating groundwater from RSA-95 separately from groundwater from RSA-95 
- Pumping at all six wells 
- Pumping at RS715 at RSA-95 and RS593 and RS730 at RSA-96 

l Combined discharge from both RSA-95 and RSA-96 
- Pumping at all six wells 
- Pumping at RS715 at RSA-95 and RS593 and RS730 RSA-96 

Air stripping is very efficient in removing both TCE and TCA from the waste stream and is the 

selected primary groundwater treatment. In addition, some LGAC polishing of the groundwater 

discharge may be required to meet NPDES requirements. Both technologies are available in 

standard stock components, have approximately 4 to 6 weeks lead times between ordering and 

delivery, and offer greater design flexibility. W-oxidation is efficient in destroying TCE but 

TCA is recalcitrant to UV-oxidation. It was not selected due to the higher capital costs, the need 

for shelter of the unit, solids removal unit, and the long lead time for equipment manufacturing 

and delivery. 

By using air stripping as the primary treatment, vapor phase treatment will be required. The 

vapor phase treatment considered here was VGAC. Because of the simplicity of an air stripping- 

VGAC treatment train, annual maintenance costs are minimized. 

The extraction of groundwater at all six extraction wells at RSA-95 and RSA-96 would result in 

a waste stream requiring treatment of 350 gpm (Table 3). 

Cost estimates for the IRA are being prepared separately. The cost summary comparison for the 

groundwater IRA are provided in Appendix C. The recommendation for the IRA remedial 

technology will be based on the cost comparison between the remedial alternatives. The 

technology screening is performed for the treatment facility, comparing remediation alternatives 

that combine several technologies that could possibly be implemented. Costs shown in 

Appendix C, indicate similar costs for Alternative 1 (air stripping and vapor phase carbon 

absorption) and Alternative 2 (air stripping and UV-catalytic oxidation air emission). Based on 

length of delivery for equipment and proven effectiveness of technology, Alternative 1 is 
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technology screening is performed for the treatment facility, comparing remediation alternatives 

that combine several technologies that could possibly be implemented. Costs shown in 

Appendix C, indicate similar costs for Alternative 1 (air stripping and vapor phase carbon 

absorption) and Alternative 2 (air stripping and W-catalytic oxidation air emission). Based on 

length of delivery for equipment and proven effectiveness of technology, Alternative 1 is 

recommended for the IRA remedial technology. Tables I-2 and I-3 present the preliminary cost 

estimates for Alternative 1. 

.-. 

The recommended remedial alternatives, based on the technical evaluations are: 

l Pump at higher rates from selected wells where TCE concentrations are highest and 
allow the highest effkiencies for mass removal. Pump at lower rates from wells 
removed from the center of the known plume. 

l Use air stripping to treat extracted groundwater and VGAC to treat the air stripper 
discharge. 

l Centralize the treatment plant at a central location and build an effluent line of 
sufficient size to allow discharge of the IRA and additional effluent to the surface 
waters of Huntsville Spring Branch. n 
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3.0 Conclusions and Recommendations 

l Due to the complex nature of the combined treatment stream, and the high levels of 
TCE and 1 ,1 ,1 -TCA in groundwater, a combination of treatment technologies will 
be required to reduce TCE mass in groundwater, meet the surface water discharge 
limitations effectively, and meet the Alabama Department of Environmental 
Management air emission limits. 

l Air stripping is recommended as the primary groundwater treatment technology. 
VGAC is recommended for control of VOCs in the air stream and is the most cost- 
effective treatment technology. 

l Pretreat (if required) extracted groundwater to remove iron and suspended solids. 

l A groundwater recovery and treatment plant in excess of 350 gpm capacity should 
be designed and built in a centrally located area to allow collection and treatment of 
influent fkom RSA-95 and RSA-96. 

l An effluent discharge line should be built to allow discharge of treated groundwater 
to surface waters of Huntsville Spring Branch. The line will allow discharge of the 
treated effluent to a surface water body that will allow compliance with substantive 
NPDES requirements. The capacity of the line should be designed to meet current 
and future OU-10 discharge requirements. 
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